The relationship between food intake and nutritional status has been clearly established. Yet, there are only limited studies on food intake among family members and their nutritional status. The study examined the relationship between intra-household food distribution and coexistence of dual forms of malnutrition (DFM) in the same household. SUBJECTS/METHODS: Households with a malnourished child and overweight mother were categorized as DFM. Intra-household food distribution among family members was reported using ratios, which are a measure of individual intakes as compared to all household member intakes adjusted to RDA. RESULTS: A1,899 families were included in the study. The prevalence of DFM was 29.8% (95%CI 26.5-31.2). Children consumed lower amounts of energy (OR 1.34; 95%CI 1.06-1.69, P = 0.011), carbohydrates (OR 1.2; 95%CI1.03-1.61, P = 0.022), protein (OR 1.3; 95%CI 1.03-1.64, P = 0.026), and fat (OR 1.3; 95%CI 1.05-1.66, P = 0.016) than their mothers and other family members. In contrast, mothers consumed more carbohydrates than children and other family members (OR1.24; 95%CI 1.02-1.51, P = 0.03). CONCLUSIONS: This study is the first to report on the food distribution among family members and its relationship with occurrence of DFM in Indonesia. The results confirm the occurrence of an unequal food distribution between children and mothers, which increases risk of DFM in the household. The results also demonstrate that nutritional education at the household level is important to increase awareness of the impact of DFM.
INTRODUCTION 10)
Child malnutrition is still considered the greatest health concern in many developing countries such as Indonesia. A recent survey conducted by the Indonesian National Health (Riskesdas) showed that the prevalence of malnutrition remains stable while that of being overweight has increased over the past few years. This result suggests that both undernutrition and overnutrition are now emerging problems that require equal attention.
DFM (Dual forms of malnutrition) is defined as a household in which one person is overweight while another is underweight, which reflects the dual burden of overnutrition and undernutrition within a single household [1] . Prior studies have documented DFM at the household level [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . Demographic Health Surveys from eight Latin American, 23 African and five Asian countries from [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] showed that DFM stunted children aged 0-60 months, and the percentage of overweight mothers ranged from 0-15%.
Other previous studies focused on different age-classified pairs of subjects as stated in each DFM group, including child-mother [13] and adolescent-mother pairs [14] . However, most DFM studies have used child-mother pairs as both populations are considered to be vulnerable and are targets for MDG (Millennium development goal) achievements.
Consequences of malnutrition have been previously reported. Malnutrition affects child development, cognition, longevity, and morbidity due to lower immunity. On the other hand, overweight adults have a higher rate of mortality as well as greater incidence of chronic deseases [15] [16] . In addition, DFM creates higher economic burden for families.
In an epidemiological sense, DFM impacts nutritional and epidemiological transitions [17] , familial socio-economic status, food availability, and lifestyle [15] . Nutritional and epidemi- ological transitions are defined as a series of collective changes in diet, physical activity, health, and nutrition [18] . Food distribution may be unequal among family members in terms of quality and quantity, which affects prevalence of DFM. A recent study conducted in Indonesia found that some children consumed lower energy and protein contents compared to their mothers and other family members [19] . Since there are limited studies on food distribution within families, this study investigated the relationship between food distribution among children and mothers and DFM in the household.
SUBJECTS AND METHODS

Study on population
The study used national data from the 2010 Indonesian Health Survey, which represented 33 provinces along with 440 districts/ cities. Multistage cluster sampling was applied for selection of subjects. Questionnaires and measurement instruments used for the survey conformed to the World Health Survey, which has been widely used by more than 61 countries.
In total, 69,300 households were sampled for the survey. These households were further selected in accordance with the objective of the study by applying inclusion and exclusion criteria for selected households. In addition, double-checking and screening for data completeness were conducted to ensure data accuracy. Finally, 1,899 households were included in the current study.
Methods
The study focused on households with child-mother pairs with either DFM or normal nutritional status. The inclusion criteria were applied to household child-mother pairs, with mothers aged between 18 and 40 years and children aged between 2 and 5 years. The exclusion criteria were applied to pregnant mothers and breastfeeding children. The collected main data were anthropometric and included food intake levels, which were taken from all household members. Anthropometric data contained information about the weight and height of children and their mothers, whereas food consumption data focused on macronutrient intake levels of all household members by 24-hour food recall. Both variables were applied to identify dual forms of malnutrition (dependent variable) and intrahousehold food distribution (main independent variable).
For this study, dual forms of malnutrition was defined as a household with an overweight mother and malnourished child. Body Mass Index >= 25 kg/m 2 was used as the cut-off for overweight mothers, whereas a z-score < -2 from composite indicators of WAZ, HAZ, and WHZ (Composite index of anthropometric failure/CIAF) was used as the cut-off for malnourished children. There are seven different classifications of child nutritional status in the CIAF. In this study, children with nutritional failure as well as those classified as wasting only, wasting and underweight, wasting stunting and underweight, stunting and underweight, stunting only, and underweight only were categorized into one group (malnourished group), whereas those with no nutritional failure were considered as normal. This seven-level index provides an accurate rate of malnutrition among children in a population based on detailed nutritional status [20] [21] [22] .
Intra-household food distribution (IHFD) calculation was applied to all households along with household members, particularly the intended target mother and child. IHFD scores results were reported as a ratio. The ratio was calculated based on child/mother calorie intakes over their RDA (Recommended dietary allowances) divided by the family's total intake over their RDA [23] . An IHFD ratio ≥ 1 means that either the child or mother received equal or larger food allocation than other family members (considered as equal), whereas an IHFD ratio < 1 means that the child or mother received lower food allocation than others (considered as Unequal).
To ensure data accuracy, this survey was verified by a third independent party. The validation showed a Kappa value of 76.3%, which means good consistency between the survey responses and the validation study. Analysis was conducted using the statistical package of SPSS version 17. Analysis used an independent T test (parametric and non parametric tests), ANOVA test, and chi square test for categorical data.
RESULTS
Characteristic of subjects
Characteristics of subjects were comparable among the different groups. The ratio of males (51.2%) was proportional to that of females (48.7%). Age distribution among children remained steady. Most mothers (66.9%) had a low education level (< senior high school), and occupational status was equally distributed among working and non-working mothers. Age 68.7 IHFD < 1: Child received lower food intake than other family members; IHFD ≥ 1: Child received similar or higher food intake than other family members Chi square test *P < 0.05, **P < 0.01, ***P < 0.001 59.6 IHFD < 1 : Mother received lower food intake than other family members; IHFD ≥ 1: Mother received similar or higher food intake than other family members Chi square test *P < 0.05, **P < 0.01, ***P < 0.001 Table 2 . Macronutrient intakes of mother and child in the household 1) distribution among mothers was almost proportional between young mothers ≤ 30 years (51.1%) and older mothers > 30 years. The proportion of small families (with 2-4 members) was comparable to that of larger families (> 4 members), and most families were at a low socioeconomic level (72.4%) ( Table 1) . Table 2 describes food consumption of both children and mothers. Children with normal nutritional status consumed more macronutrients (energy, carbohydrates, protein, and fat) than malnourished children (P < 0.05), whereas no difference was observed between normal and overweight mothers. In fact, overweight mothers consumed lower amounts of fat than normal weight mothers (P < 0.05).
Food consumption
Relationships in the Intra-household food distribution (IHFD) were stratified in terms of characteristics of the children and mothers (Tables 3 and 4 Table 5 . Relationship of intra-household food distribution and dual forms of Malnutrition shment was more common among children with lower intakes of energy (P = 0.03), carbohydrates (P = 0.03), and protein (P = 0.05) compared to their family members. Girls showed lower intake of carbohydrates than boys (P = 0.045). Older children showed lower intakes of energy (P = 0.000), carbohydrates (P = 0.000), protein (P = 0.000), and fat (P = 0.000) than their family members. Children showing lower intakes of energy (P = 0.000), carbohydrates (P = 0.000), protein (P = 0.002), and fat (P = 0.004) were at lower socioeconomic levels. Children living in rural areas showed lower intakes of energy (P = 0.000), carbohydrates (P = 0.000), protein (P = 0.000), and fat (P = 0.006) than their family members compared to children living in urban areas ( Table 3) . The proportion of overweight mothers who consumed more protein (P = 0.031) than other family members was greater than that of normal weight mothers. Further, older mothers showed higher proportions of both energy (P = 0.000) and protein (P = 0.000) consumption than normal weight mothers, whereas fat content was not significantly different. Mothers at low socioeconomic levels consumed more energy (P = 0.000), carbohydrates (P = 0.000), protein (P = 0.006), and fat (P = 0.019) than other family members. Mothers living in urban areas consumed more energy (P = 0.009), carbohydrates (P = 0.012), and protein (0.002) than their family members compared to those in rural areas. Table 5 explains the relationship between Intra-household food distribution and occurrence of DFM. DFM was significantly higher among mothers who ate more carbohydrates than their family members compared to those who ate less carbohydrates (OR = 1.24 95%CI (1.02-1.51), P < 0.05). Although the difference was not significant, DFM was higher among mothers showing higher energy (OR = 
DISCUSSION
The objective of this study was to examine the relationship between child-mother food distribution and DFM occurrence. It appears that children received less macronutrients while mothers received higher food allocation, leading to DFM in households.
Nutrition problems among mother and child pairs are usually higher than among other age groups (e.g. teenagers, male adults). Preliminary analysis was carried out by the author to determine the magnitude of malnutrition among all family members. Results show that the prevalence of malnutrition in child and mother pairs was higher compared to other family members (prevalence of overweight fathers (11.3%), underweight fathers (11.0%), overweight teenagers (2.5%), underweight teenagers (7.4%), overweight adolescents (1.4%), and underweight adolescents (7.1%)). Furthermore, both mothers and children aged under 5 years were found to be vulnerable groups, as these populations are targets of health indicators for MDG achievement.
Prevalence of malnutrition in 36 countries (Latin America, Africa, and Asia) is known to range from 0-15% [5] . However, a study in Malaysia reported a 25.8% DFM rate [4] , and another study in Manila reported a 59% DFM rate in mother and child pairs of which 8.2% were overweight mother-underweight child pairs [7] . This study observed a 29.8% DFM rate. Comparison of DFM rates should consider the target group and age for categorization of DFM.
Food consumption significantly differed between malnourished and normal children. Whereas normal children ate more than malnourished ones, no significant difference in macronutrient intake was observed between overweight and normal mothers. Flegal [24] reported that overweight people sometimes underreport their food intakes, a phenomenon known as flat slope syndrome. A previous study conducted in Michigan, U.S. found that 40% of white women, 32% of white men, 47% of black men, and 52% of black women misreported their fat intakes by about 20% higher or lower than true values compared to protein or carbohydrate intake. Willet [25] defined flat slope syndrome as overestimation of portion size in those who eat smaller portions and underestimation of portion size by those who eat larger portions. IHFD is defined as inappropriate allocation of food within the household, leading to effects on certain family members. Thus, some individuals may suffer from malnutrition due to the pattern of food distribution within the household [23] . Our results show that children consumed significantly less macronutrients (P < 0.05) while mothers ate more macronutrients, especially carbohydrates (P < 0.05), energy, and protein compared to other family members. Thus, children who ate less and mothers who ate more macronutrients were more prone to DFM (Table 5 ).
In addition, certain family characteristics affected unequal food distribution amongst children. As shown in Table 3 , girls more often received less macronutrients than boys, especially energy, carbohydrates, and protein. This result is similar to a study conducted in Matlab Bangladesh in which food allocation (especially energy and protein) differed between boys and girls at all age groups (0-4 years). Intake ratios of calories and protein were 1.16 and 1.14 times higher in boys compared to girls, respectively. These figures were possibly due to the fact that most boys have a higher body weight and thus higher basal metabolism than girls [26] .
There are still some areas where cultural differences, parental care, intra-family food distribution, feeding practices, utilization of health services, and behavioral mechanisms are still very much influenced by sex-bias attitudes. Socioeconomic conditions might also contribute to food allocation among family members. In Tables 3 and 4 , children of lower socioeconomic status were more likely to consume less macronutrients than those of higher status. On the contrary, mothers of lower socioeconomic status consumed more macronutrients than those of higher status. This particular situation may explain the higher proportion of DFM among low status families.
One of the determinants determining child food patterns [27] is family income. Income is one of the determining factors for establishing healthy food patterns. Families of low socioeconomic status eat less fruits and vegetables as well as more fat and snacks. Families of low socioeconomic status also consume more main staples and side dishes than vegetables and fruits, which cost more and are less filling. Khor [10] mentioned that low status families have limited access to fiber-rich sources such as cereal, vegetables, and fruits and instead consume food types high in fat, instant foods, fast foods, and high in salt.
We acknowledge strong limitations of the current study. Conditions of the subjects that might have influenced their intakes have been considered in the current study, such as whether or not subjects were on a diet as well as whether or not their patterns represent their usual intakes. Further, there is no information on mothers who had given birth in the last 3 months, which could have influenced their relevant intakes or body weight.
This study found that there are unequal food distributions among family members, especially children and mothers. Most children receive lower macronutrient intakes, whereas mothers receive greater macronutrient intakes. This situation leads to higher risk of DFM. Moreover, unequal food distributions exist more among families of low socioeconomic status, who have access to less resources. The results demonstrate that nutritional education is very important to increase awareness of the impact of DFM. Further studies should explore micronutrient allocation among family members, particularly at certain ages.
